1. Introduction {#s0005}
===============

Colorectal cancer (CRC), also known as the tumor of large intestine, is the malignant tumor that occurs in the mucosal epithelium of large intestines ([@b0035]). Over the years, the morbidity rate of CRC has increased in most countries worldwide. The morbidity rate of CRC in China is lower than that in European and American countries, which ranks the third place in terms of morbidity rates of malignant tumors and the fifth place of the most fatal malignant tumors in China ([@b0005], [@b0050], [@b0025]). Most of the patients with CRC are middle-ages and elderly. More than 90% of the patients are at least 50 years old; however, with the changes in lifestyle and diet, the incidence age of CRC is gradually declining ([@b0045]). The mortality of CRC has also increased in recent years. The cause of CRC-related death is mainly tumor recurrence and metastasis. Lymph node metastasis (LNM) is a common and foremost metastasis of CRC, which is also the root reason of tumor recurrence ([@b0085]). The existence or non-existence of regional LNM in patients with CRC is closely related to the tumor TNM staging, the choice of therapeutic plans, and the prognosis. In the selection of therapeutic plans, CRC patient in stage 3 and CRC patients in stage 2 with high-risk factors can make profit from auxiliary chemotherapy; therefore, the auxiliary chemotherapy after surgical treatments should be routinely performed to these patients. The accurate assessment of regional LNM after surgical treatments is critical for the selection of therapeutic plans for CRC patients and the selection of lymph node (LN) dissection in CRC surgeries ([@b0055]).

The ^18^F-fluorodeoxyglucose (FDG) positron emission tomography (PET)/computed tomography (CT) imaging is a non-invasive examination method; it combines the morphology and the functional information, which is one of its advantages; it is important to the tumor diagnosis, differential diagnosis, clinical staging, curative effect monitoring, and the determination of radiotherapy plans ([@b0080], [@b0010], [@b0015]). PET/CT can indicate more metastasis focuses of CRC through one-shot imaging, which provides important value for clinical decision-making of CRC treatments. Innumerable researches have gradually recognized the values of PET/CT examination in the diagnosis, staging (preoperative staging and postoperative staging), and postoperative follow-ups of primary CRC. ^18^F-FDGPET/CT imaging is one of the important imaging extermination methods for preoperative staging of CRC ([@b0090]); ^18^F-FDGPET/CT imaging can be used to evaluate the tumor infiltration (T staging) of CRC, the LNM of CRC (N staging), and the remote metastasis of the tumor (M staging), which can provide accurate clinical staging and preoperative evaluations ([@b0040]). In recent years, with the development of computer technologies, the development of medical imaging analysis methods has been greatly promoted. Automated methods such as artificial intelligence, neural networks, and deep learning have gradually been applied in medical imaging analysis. Texture analysis is a mathematical algorithm that describes the gray level intensity relationship or the positional relationship between pixels and voxels in images, it has the advantage of being able to describe the heterogeneity of gray level distribution in images ([@b0060]). Recently, the method of texture analysis has gradually been applied to the analysis of medical images.

Although medical imaging analysis based on computer technology has been unprecedentedly developed in recent years, the criteria for LNM of malignant tumors are still difficult to define, and the accuracy (Acc) and sensitivity (Sen) of PET/CT diagnosis in the area need to be improved. The errors caused by the above factors would affect the selection of the therapeutic plans ([@b0075]). In multivariate analysis of relevant clinical information, PET image information, and grain factors of CRC patients can be performed and the diagnostic model of LNM in the region of CRC is constructed, the diagnosis or prediction Acc of LNM of CRC would be improved, and more accurate clinical staging of patients would be achieved. Therefore, the association among the LNM in the region of CRC and the relevant clinical information, PET/CT image data, and PET grain factors of CRC patients was investigated, the regional LNM diagnostic model was built, and the effects of the diagnostic model on diagnosing LNM in the region of CRC were evaluated.

2. Materials and methods {#s0010}
========================

2.1. Research objects and data collection {#s0015}
-----------------------------------------

From April 2017 to August 2019, 200 CRC patients underwent ^18^F-FDG PET/CT examination in the PET Center of Shengjing Hospital Affiliated to China Medical University were retrospectively collected, in which the eligible cases were screened. The included patients were grouped as the regional LNM positive (+) group and the regional LNM negative (−) group. The case-related demographic data (gender and age), the locations of the CRC tumors, the existence or non-existence of ileus, and the sizes of the tumors were retrospectively collected. Relevant information such as pathological types, degrees of differentiation, tumor infiltration, existence or non-existence of mucus components, the sum of LNs being examined, the sum of metastatic LNs, positions of the metastatic LNs in the postoperative pathological reports of CRC patients were collected. In the research, LNM was defined in terms of patients.

2.2. Inclusion criteria and exclusion criteria {#s0020}
----------------------------------------------

Inclusion criteria: newly diagnosed CRC patients who did not accept any anti-tumor treatments before PET/CT scans; patients who went through radical resection of CRC or tumor resection within 2 weeks after PET/CT scans; the medical records must be complete.

Exclusion criteria: patients with more than one colorectal lesion; patients whose PET images showed a significant increase in colorectal metabolic diffusion; patients whose CRC lesion length was \<2.0 cm; patients whose sum of LNs found in the postoperative pathological results was \<12; patients whose radioactive concentrated imaging results of CRC lesions and those of the bladder urine had unclear boundaries; patients whose PET images were of poor quality and cannot be evaluated.

2.3. Imaging methods {#s0025}
--------------------

The patients fasted for \>6 h. In the calm states, they were injected with ^18^F-FDG 183--395 MBq intravenously through the T-pipes; then, the patients lied calmly in a dark room for about 1 h; after urination, patients received PET/CT imaging scans. Before injecting ^18^F-FDG, the plasma glucose levels of patients should be assayed through routine examinations; the plasma glucose levels of patients should be \<7.0 mmol/L; for patients with diabetes, the plasma glucose levels should be controlled before the PET/CT scans. The imaging examination included CT scans and PET emission scans, with the scanning range, starting from the middle thigh to the calvarium. BiographmCTx acquisition parameters: the CT voltage was 120 kV, the current was automatic milliamperes, the pitch was 0.55, the single-turn rotation time of the tube was 1.0 s, and the slice thickness was 3 mm; the PET emission scans adopted three-dimensional acquisition, with the rate of 2 min/bed. PET reconstruction used the ordered subset expectation maximum (OSEM) iteration (OSEM), and image attenuation correction used CT scan data. After the CT scan was completed, the data was transmitted to the Siemens workstation, and the cross-section reconstruction was performed with a slice thickness of 2.0 mm.

2.4. ROI plotting of PET images and the extraction of PET grain factors {#s0030}
-----------------------------------------------------------------------

The PET sequences and CT sequences of the patients were opened in the nuclear medicine image analysis software to generate the fused images; under the guidance of the professional nuclear medicine physicians, the lesions of CRC were found; on the maximum intersecting surfaces of the tumors, the automatic plotting tool of the software was used to plot the regions of interest (ROI) of the tumors with SRO = 2.5; after the ROI was successfully plotted, the radioactive concentrated images of the CRC lesions from the transverse, sagittal, and coronal positions respectively to determine the existence or non-existence of all the ROI in the concentrated images and the existence or non-existence of radioactive concentrated images of non-CRC lesions in the ROI. If the plotted areas contained non-CRC lesions, the three-dimensional areas were further adjusted. A small amount of sigmoid colon cancer radioactive abnormal concentrated images was closely connected to uterus urine radioactive concentrated images; the automatic plotting cannot accurately plot the boundaries of CRC radioactive abnormal concentrated images; therefore, these cases were excluded. All the plotted ROI were confirmed by two experienced PET/CT diagnosticians. In the case of disagreement over the ranges of the ROI, the post-discussion opinion was taken as the final result. Finally, all the obtained ROI were saved in DICOM format and were exported.

The PET sequences and DICOM data of patients, and their corresponding ROI were imported into the image texture analysis toolbox to observe and confirm whether the PET images of the CRC patients were correctly matched with the corresponding ROI. The parameters were adjusted; after the gray level was discretized into 64 bits, each voxel in the ROI was re-collected; through various matrices and methods, the extracted texture characteristic parameters were 42 in total, including 4 first-level grain factors, 12 s-level grain factors, 22 advanced grain factors, and 4 grain factors extracted by texture characteristic coding matrix of the texture characteristic coding method ([@b0070], [@b0065]). At the same time, the traditional PET image parameters including SUVmax and TLG were extracted. The first-level grain factors were obtained according to the statistics data of the SUV gray level histogram; the second-level grain factors were extracted by the gray level concurrence matrix (GLCM) and the neighboring gray level dependence matrix (NGLDM); the advanced grain factors were extracted by the gray level run-length matrix (GLRLM) and the gray level size zone matrix (GLSZM). The grain factors extracted by the grain characteristic coding matrices included roughness, homogeneity, average convergence, and variance ([@b0020], [@b0030]).

2.5. PET/CT image analysis {#s0035}
--------------------------

The observation range of PET/CT images was the LNs in the drainage areas of CRC, including the paracolic LNs, the intermediate LNs, and the mesenteric LNs. The ^18^F-FDG PET/CT images of CRC patients were analyzed by two experienced PET/CT diagnosticians. The diagnosticians observed the radioactive concentrations of LNs on the cross-sectional PET/CT fused images. The boundaries of the multiple LNs with a higher degree of radioactive concentrations obtained by visual observation were used to plot the ROI, the SUVmax value was measured separately, and the highest SUVmax value was finally recorded. Meantime, based on the ^18^F-FDG PET/CT complete imaging, the remote metastasis of patients was determined.

The sizes and distributions of LNs in the drainage areas of CRC were observed on CT images, and the short dimension of the largest LNs in the drainage area of CRC was measured. The existence or non-existence of the clustered LNs was observed and recorded. In the case of disagreement, the post-discussion opinion was taken as the final result. The clustered LNs were defined as three or more LNs distributed in groups. According to the measured LN SUVmax and LN short-dimension data, the SUVmax and short-dimension data of each patient's LNs were grouped according to SUVmax 22.5 and LN short-dimension ≥1.0 cm, respectively; the number of patients in each group was finally summarized.

2.6. Regional LNM diagnostic model construction based on clinical information and grain factors {#s0040}
-----------------------------------------------------------------------------------------------

The single-variable analysis summarized the statistical differences in the factors between the patients in the regional LNM+ and LNM- groups. In the grain factors, the factor with the variance of AUC being \<0.5 was included as a factor that had no influences on the model into the regression model. The independent variables included 6 factors, i.e. the clinical data of remote metastasis and intestinal obstruction, the PET/CT image factors of regional LN SUVmax, regional LN short dimension, and 2 PET grain factors of roughness and average convergence extracted by grain characteristic coding method; based on the dependent variable, i.e. the postoperative pathological results of existence or non-existence of regional LNM, a regional LNM diagnostic model was established by logistic regression. In the model, the PET/CT image data and grain factors were continuous variables. First, these data and factors were converted into binary variables according to the cut-off points; then, they were included in the model. The difference of the regression model that was statistically significant was concluded. The 5 independent variables included in the model were intestinal obstruction, regional LN SUVmax, regional LN short dimension, and the grain factors of roughness and average convergence. The constructed mathematical model was:$$P = \frac{1}{1 + e^{- Z}}$$Z was the sum of the individual independent variables multiplied by their OR numbers.

2.7. Statistic analysis {#s0045}
-----------------------

The statistic analysis was conducted by using the IBM SPSS 20.0 statistical software. The receiver operator characteristic (ROC) curves were processed by Medcalc software. The measurement data in normal distribution or approximated to normal distribution were articulated in the form of x ± s (mean number ± standard deviation). The statistical measures that were not in normal distribution were articulated in the form of median (interquartile range). The bilateral test was applied to each statistical test. If the P value was \<0.05 (P \< 0.05), the difference was considered statistically significant.

Univariate analysis: the Chi-square (χ^2^) test conducted differential analysis of count data of patients in the LNM+ group and the LNM- group The comparative analysis of measurement data in normal distribution with equal variance was tested by two-sample *t*-test; the comparative analysis of measurement data that were not in normal distribution or the variance was unequal was tested by the Mann-Whithey *u* test. Comparisons between diagnostic Sen and specificity (Spe) of methods for LNM in different diagnostic areas were performed by using the paired χ^2^ test (McNemar). The consistency among different diagnostic methods was compared by using the Kappa test.

Multivariate analysis: the existence or non-existence of regional LNM was taken as the independent variable; statistically significant data obtained from above univariate analysis were taken as dependent variables; the Wald test was used for stepwise regression, and the step probability was entering P ≤ 0.05, delete P \> 0.10. A diagnostic model of CRC regional LNM containing clinical information, PET image information, CT image information, and grain factors were established.

ROC curve analysis: After plotting the ROC curves, the area under the curve (AUC) was computed to assess the efficacy of each examination in diagnosing CRC regional LNM. The larger the AUC was, the higher the diagnostic efficiency of the diagnostic method was. The cut-off points of CRC regional LNM predicted by each factor were calculated through the Youden Index (YI = Sen + Spe-1), and the Sen and Spe at the cut-off points were obtained.

3. Results and discussion {#s0050}
=========================

3.1. Analysis of basic information of the CRC patients {#s0055}
------------------------------------------------------

Retrospectively, 200 medical cases of CRC patients were included in the research based on the inclusion and exclusion criteria. All included patients underwent surgeries within two weeks after PET/CT scans. The CRC patients in the regional LNM+ group were 92 cases in total (accounted for 46%), with the average age of 61.5 ± 11.6 years and the range of age was 31--79 years. The CRC patients in the regional LNM- group were 108 cases in total (accounted for 54%), with the average age of 63.4 ± 10.3 years old and an age range of 40--81 years old. Based on the collected clinical data, the included CRC patients were submitted to TNM staging, including 10 cases (5%) in stage 1, 92 cases (46%) in stage 2, 68 cases (34%) in stage 3, and 30 cases (30%) in stage 4 (15%).

The univariate analysis showed no statistically significant differences in ages, genders, tumor positions, the maximum tumor dimension, the existence or non-existence of mucus components, the differentiation of tumors, and the relevant tumor markers CEA, CA199, CA724, and TLG (P \> 0.05 without exceptions), as shown in [Fig. 1](#f0005){ref-type="fig"}. The research results showed statistically significant differences in TNM staging, intestinal obstructions, tumor infiltration, regional LN SUVmax, regional LN minimum dimension, and the existence or non-existence of remote metastasis between the CRC patients in the positive group and the negative group (P \< 0.05 without exceptions), as shown in [Fig. 2](#f0010){ref-type="fig"}.Fig. 1Factor analysis (no statistical differences) (P \> 0.05) A: Gender comparison; B: Tumor location comparison; C: Comparison of the maximum tumor dimension; D: Comparison of mucus components; E: Tumor grade comparison; F: Comparison of relevant tumor marker CEA; G: Comparison of relevant tumor marker CA199; H: Comparison of relevant tumor marker CA724; I: Comparison of relevant tumor marker TLG.Fig. 2Factor analysis (The two groups had significant differences, \*P \< 0.05) A: Comparison of CRC TNM staging; B: Intestinal obstruction comparison; C: Comparison of tumor infiltration; D: Comparison of regional LN SUVmax; E: Comparison of regional LN minimum width; F: Comparison of remote metastasis of CEA.

3.2. Efficacy and comparisons of CRC regional LN minimum width and regional LN SUVmax on the diagnosis of LNM {#s0060}
-------------------------------------------------------------------------------------------------------------

Among all the CRC patients researched in this study, 92 patients were with positive regional LNM, the maximum LN short dimension was 1.13 ± 0.39 cm; in addition, 108 patients were with negative regional LNM, the maximum LN short dimension was 0.64 ± 0.26 cm; the regional LN short dimensions between patients in + and − groups were found to be statistically significant (P \< 0.05). The regional LN SUVmax of regional LNM+ patients was 3.7 (2.1, 6.9), and the regional LN SUVmax of regional LNM- patients was 1.5 (0.6, 2.5). The differences in regional LN SUVmax between patients in both groups had statistical significance (P \< 0.05). Through ROC curve analysis, the regional LN short dimension prediction AUC of LNM was 0.742, the 95%CI was 0.667--0.811; if the regional LN short dimension value was 1.19 cm, the Youden index reached a maximum of 0.388, at the moment, the Sen of predicting regional LNs metastasis was 42.4%, and the Spe was 97.1%. The AUC of regional LN SUVmax predicted LNM was 0.753, and the 95%CI was 0.681--0.823; if the cut-off points of regional LN SUVmax was 3.27, the Youden index reached a maximum of 0.408, at the moment, the Sen of predicting regional LNs metastasis was 55.6%, and the Spe was 85.8% (see [Fig. 3](#f0015){ref-type="fig"}).Fig. 3Regional LN short dimension and regional LN SUVmax predicted ROC curve of CRC regional LNM.

3.3. The efficacy of clustered LNs in the adjacent and draining areas of CRC in diagnosing regional LNM {#s0065}
-------------------------------------------------------------------------------------------------------

Of all the patients, 122 cases (61.0%) had clustered LNs in the adjacent and draining areas of CRC, of which 62 cases were CRC regional LNM+ patients and 60 cases were regional LNM- patients. In addition, 79 (39.5%) cases had no clustered LNs in the adjacent and draining areas of CRC, including 31 cases of regional LNM+ CRC and 48 cases of LNM-. LMN + patients and LNM- patients were not significant in statistics (P \> 0.05). The typical cases were shown in [Fig. 4](#f0020){ref-type="fig"}.Fig. 4The fused PET/CT images, with arrows indicating the clustered LNs A: PET/CT fused images of CRC regional LNM+ patients B: PET/CT fused images of regional LNM- patients.

3.4. Diagnostic efficacy of regional LNM diagnostic model {#s0070}
---------------------------------------------------------

Through the analysis of ROC curves, the AUC of the diagnostic model in diagnosing regional LNM of CRC patients was 0.861 (the 95%CI was 0.811--0.907, P \< 0.001); if the prediction probability value was 0.342, the Youden index reached a maximum of 0.545. At the moment, the Sen, Spe, and Acc of the diagnosis of regional LNs metastasis performed by the diagnostic model were 77.8%, 75.9%, and 77.4% respectively.

3.5. Comparison of the efficacy and consistency of the diagnostic model of LNM in CRC with other diagnostic criteria {#s0075}
--------------------------------------------------------------------------------------------------------------------

As shown in [Fig. 5](#f0025){ref-type="fig"}, through the analysis of ROC curves, compared with the PET diagnostic criteria, CT diagnostic criteria, and PET/CT diagnostic criteria, the diagnostic efficacy of the diagnostic model was significantly better than other diagnostic methods; based on the Youden Index Method, if the P value was 0.338, the Sen of the diagnostic model was considerably greater than that of the CT diagnosing criteria and the PET/CT diagnostic criteria; however, the differences in Sen between the diagnostic model and the PET/CT diagnostic criteria were significant in statistics (P \> 0.05). Besides, the diagnostic Spe between the diagnostic model and other diagnostic methods were found to have no statistical significance (see [Fig. 6](#f0030){ref-type="fig"}).Fig. 5Risk factors of LNM in CRC (Logistic regression).Fig. 6Comparison of the proposed diagnostic model with other diagnostic criteria A: The ROC curves of the diagnosis model and other diagnostic criteria in diagnosing CRC regional LNM; B: Comparison in Sen between the diagnostic model and other diagnostic criteria; C: Comparison in Spe between the diagnostic model and other diagnostic criteria; D: Comparison in AUC between the diagnostic model and other diagnostic criteria.

4. Discussion {#s0080}
=============

CRC is a widespread malignant tumor in the gastrointestinal tract. The disease can be spread to other tissues and organs through lymphatic and blood circulation, as well as direct extension. The diagnosis can be made according to clinical manifestations, X-ray barium enema results, or fiberoptic colonoscopy. The ^18^F-FDG PET/CT imaging is a non-invasive examination method for tumors, which is vital for tumor diagnosis, clinical staging, efficacy monitoring, and the development of radiotherapy plans of tumors. However, in diagnosing the LNM of malignant tumor, there are certain limitations in medical imaging technology. Therefore, this study analyzed the relationship between clinical information, PET/CT image data, and PET grain factors of CRC and LNM of CRC and established a regional LNM diagnosis model to explore the application effect of the model on the diagnosis of CRC LNM.

Through the analysis of data of CRC patients, it was found that the most preferable metastasis route was regional LNM. The ^18^F-FDG PET/CT scans were applied to examine the malignant tumors of patients; combined with the grain factors, the diagnostic model was constructed. The basic information of patients was analyzed initially. The CRC patients in the regional LNM+ group were 92 cases in total (accounted for 46%), with the average age of 61.5 ± 11.6 years and the range of age was 31--79 years. The CRC patients in the regional LNM- group were 108 cases in total (accounted for 54%), with the average age of 63.4 ± 10.3 years old and an age range of 40--81 years old. The research results showed no statistically significant differences in ages, genders, tumor positions, the maximum tumor dimension, the existence or non-existence of mucus components, the differentiation of tumors, and the relevant tumor markers CEA, CA199, CA724, and TLG (P \> 0.05 without exceptions) The research results showed statistically significant differences in TNM staging, intestinal obstructions, tumor infiltration, regional LN SUVmax, regional LN minimum dimension, and the existence or non-existence of remote metastasis between the CRC patients in the LNM+ group and the LNM- group (P \< 0.05 without exceptions). Through the comparisons between the diagnostic model proposed in the research and other diagnostic methods, it was found that the diagnostic efficacy of the proposed diagnostic model was obviously higher than other methods. Therefore, it was concluded that the diagnostic model was of significant values in clinical applications.
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